Core-level photoemission, low-energy electron diffraction (LEED), and work-function change measurements have been carried out to study the coverage dependence of Na/Cu(110) at room temperature. The results of LEED and work-function measurements are qualitatively similar to most other investigations of alkali-metal adsorption on fcc(110) metal surfaces. With LEED, we observed an alkali-metalinduced (1X2) reconstruction at intermediate coverage. We have performed a simple calculation to account for the work-function differences between Na/fcc(110) and Na/fcc(111) metal surfaces. The comparison of coverage-dependent core-level binding-energy shifts between Na/Cu(110) and Na/Cu(111) reveals that a low-coverage plateau in the curve of binding energy vs Na coverage for Na/Cu(110) is associated with the Na-induced reconstruction, and can be accounted for within a localized picture of the reconstruction.
I. INTRODUCTION
The ( 1 X 2) alkali-metal-induced reconstruction of (110) fcc metal surfaces has been extensively investigated both experimentally and theoretically over the past few years. ' A missing row structure is now generally ac- K/Cu(110), ' ' Cs/Cu(110), ' K/Ag(110), " K/Pb(110),
and Cs/Pb(110) . ' However, the reconstruction mechanism, its driving force, and whether the reconstruction is a result of local or long-range forces remain under discussion. In this paper we would like to present the results of an investigation of the system Na/Cu(110) using the techniques of LEED, work-function measurements, and core-level photoemission spectroscopy. Core-level photoemission studies make it possible to determine the number and nature of different bonding sites, and may provide an indirect test of existing reconstruction models. In addition, we can make a valuable comparison to our previous photoemission results of Na/Cu(111).
II. EXPERIMENT
The experiments were performed either at the Univer- 
III. RESULTS
A. Work-function and LEED measurements Figure 1 shows the work function for Na/Cu(110) as a function of Na coverage along with corresponding LEED patterns. The coverage of one monolayer (ML) was determined by the appearance of a second layer peak in the Na 2p core-level spectra. We could not determine the absolute density of Na at saturation because no ordered structure associated with the Na overlayer was observed.
As shown in Fig. 1 Table I ). (111), ' we observed no evidence of intermixing between Na and the substrate, which had been reported for the systems Na/Al(111) and Na/Al(100) by Andersen et al. ' The coverage dependence of the binding energy of the Na 2p core level for Na/Cu(110) is presented in Fig. 3 , along with results of our previous investigation of Na/Cu(111) for comparison (Fig. 4) . For Na/Cu(110), in contrast to Na/Cu(111), a definite plateau in this curve is observed at low Na coverages. After the Na coverage reaches 0.2 ML, the binding energy drops continuously up to 1 ML for Na/Cu(110). The total-binding-energy shift is 0.56 eV from -0.02 ML, the smallest coverage we investigated, to 1 ML for Na/Cu(110), which is smaller than the overall shift of 0.93 eV between -0.02 and I ML for Na/Cu(111). Note that the binding energy of the core leve1 in the second layer is independent of substrate face.
IV. DISCUSSIGN
The results of a recent scanning tunneling microscopy (STM) study of K/Cu (110) Table I ).
In the missing-row reconstruction model, the Na 
B. Core-level photoemission
Turning now to our core-level results, we have also detected a qualitative difference in the Na 2p bindingenergy versus coverage curve for Na/Cu(110) and Na/Cu(111). At higher Na coverages on Cu(110) (greater than 0.2 ML), the Na 2p core level decreases monotonically in binding energy and is similar in behavior to our previous results of Na/Cu(111). There is, however, a small difference in net binding-energy change over this high coverage range: -0.45 eV for Na/Cu(110) versus -0.65 eV for Na/Cu(111) from 0.2 -1.0 ML.
Based on a comparison of core-level measurements of Na/Cu(111) and Na/Ni(111) with a theoretical calculation of Na on Jellium, ' we have shown that the overall binding-energy decrease detected for these systems (though not the detailed shape) is due to an initial-state shift in the electrostatic potential energy around the alkali-metal core which is associated with a coverage dependence of the valence charge distribution and, in particular, with the degree of polarization of the alkalimetal valence charge towards the surface. For high alkali-metal coverages, the valence charge is rather symmetrically distributed about the Na nucleus. As the coverage decreases, the charge becomes more and more polarized towards the surface. This changes the potential energy at the core, resulting in an initial-state shift in the core-level binding energy (a shift to higher binding energy with decreasing coverage) and also leads to a coverage dependence in the alkali-metal dipole moment, as discussed above.
For the case of Na/Cu(110) , at saturation coverage the surface is covered by a dense Na overlayer very similar to the case of Na/Cu(111). Not surprisingly, the core-level binding energy is identical at this point for the two cases.
For lower coverages, the valence charge will become more polarized towards the surface, resulting in an increase in the core-level binding energy as for Na/Cu (111) and Na/Jellium. However, along with the decrease in the Na density for Na/Cu(110), there occurs a "reappearance" of Cu surface atoms which, due to the nature of the reconstruction of the Cu (110) 
